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Abstract. Pharyngitis presents as an inflammation of the 
oropharynx, and clinical examination often shows evidence 
of nasopharyngitis. In numerous cases the condition occurs 
as a self-limiting illness of non-infectious aetiology, whose 
clinical management remains a matter for debate given the 
inappropriateness of antibiotics, the reported worsening 
following steroid use and the recent discouragement of the 
use of Chinese herbal medicine. The aim of the present study 
was thus to test VBC-1814/7J, a poly-phytocompound with 
known anti‑inflammatory and immune‑response enhancing 
properties, in an experimental model of non-infectious 
pharyngitis. Experimental non-infectious pharyngitis was 
induced by applying a pyridine solution to the surface of 
the pharyngeal mucosa in rats that were either normally fed 
(group A) or fed VBC-1814/7J three days prior to and three 
days subsequent to the induction of pharyngitis (group B). 
Healthy rats treated with topical saline were used as a control 
(group C). At time-points of 0, one hour, one day and three 
days sacrifices were carried out and microscopic examination, 
Evans blue (EB) dye extravasation and tissue concentrations 
of tumour necrosis factor (TNF)-α, interleukin (IL)-6 and 
mRNA of α‑ and β-defensins were studied. As compared with 
group C, group A showed significant microscopic damage, EB 

extravasation, and increases in the levels of TNF-α and IL-6, 
as well as in the mRNA of three defensins (P<0.001) on the 
third day of observation. VBC-1814/7J significantly mitigated 
these microscopic and inflammatory markers while allowing 
a prompter and wider defensin reaction (P<0.05 vs. group A). 
These data suggest that VBC-1814/7J, as demonstrated in 
earlier studies, has the potential to address non-infectious 
pharyngitis in clinical practice.

Introduction

Pharyngitis, commonly referred to as a sore throat, represents an 
inflammation of the oropharynx, with clinical examination often 
showing evidence of nasopharyngitis. Patients most often report 
irritation and painful discomfort, either when swallowing saliva 
or at rest, which may be objectivised through the observation of 
inflammation in the medium and lower part of the pharynx. In 
certain cases the condition is associated with a non-infectious 
aetiology and, in such a setting, antibiotics may be the wrong 
choice or they may just offer a modest improvement (1). In the 
majority of individuals with a sore throat the clinical course is 
self-limiting, although the symptoms may vary in duration and 
cause significant discomfort. Among the causes of non‑infec-
tious pharyngitis are active and passive smoking; excessive 
use of the voice or improper voice modulation; air pollution, 
including indoor pollution (sick building syndrome); a number 
of occupational exposures to fumes and volatile agents or, in 
certain asthmatic patients, the use of inhaled steroids (2-12).

Given the wide range of, often obscure, aetiologies, the 
rather vague boundaries of its nosologic assessment and the 
paucity of stringent inclusion criteria in most studies, which 
are often biased by considering acute or chronic pharyngitis 
at the same time, the clinical management of non-infectious 
sore throat remains a matter for discussion. This debatable 
clinical management of pharyngitis may also explain the 
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wide self-prescription of over-the-counter remedies with 
analgesic and claimed anti‑inflammatory compounds.

In extensive reviews tackling the issue of 24- to 48-h 
outcomes in the treatment of non-infectious sore throats, 
steroids, paracetamol and, most significantly, non‑steroidal 
anti-inflammatory drugs, such as flurbiprofen and nime-
sulide, have been found to be of some effectiveness (12-14). 
By contrast, the use of Chinese herbal medicine remains 
controversial, as the composition of these medicines is often 
poorly understood, and has been discouraged by a large-scale 
Cochrane review (15).

We have recently shown that a natural-based compound, 
VBC-1814/7J (250 mg North American ginseng, 150 mg 
elderberry, 200 mg vitamin C, 11 mg zinc, 100 mg β-glucan; 
InfluNam™, Named S.p.A., Lesmo, Italy), can produce a 
significant decrease in inflammatory chemokines and viral 
load in bronchial lavage and in lung tissue in an experimental 
influenza model (16). This compound is already in use as 
an over-the-counter remedy due to its known antiviral, anti-
oxidant and antibacterial properties: Elderberry is rich in 
phenolic compounds, including phenolic acid, flavonoids, 
catechins and proanthocyanidins, which have been reported 
to enhance the immune response. Cyanidin-3-glucoside and 
cyanidin-3-sambubioside have been identified as the main 
anthocyanins in elderberry (17,18).

Human β-defensins, a cationic antimicrobial peptide 
family, are primarily induced in epithelial cells in response to 
inflammatory stimuli and they play an important role in host 
defence. β-defensins are small cysteine-rich proteins that are 
produced by a number of epithelial and bone-marrow-derived 
cells and represent a large group of antimicrobial peptides with 
broad-spectrum activity targeting gram-negative and -positive 
bacteria, viruses and fungi (19,20). Furthermore, levels of 
human β-defensins, together with immunoglobulins A and G, 
have been found to be decreased in infants with recurrent 
pneumonia. This may be one of the immunity-related reasons 
for recurrent pneumonia in infants (21), thus highlighting the 
requirement for proper care of non-infectious pharyngitis.

The aim of the present study was, therefore, to test the 
above-mentioned poly-phytocompound in an experimental 
model of non‑infectious pharyngitis while focussing on inflam-
matory markers and defensin production. When considering 
a non-infectious pharyngitis model, the capsaicin-induced 
model is widely used since capsaicin is known to bring about 
the activation of primary afferent sensory neurones and the 
release of neuropeptides, such as substance P and neuro-
kinin A, from nerve endings (22). These neuropeptides possess 
strong proinflammatory effects in the airway tissues, leading 
to increased vascular permeability and plasma extravasa-
tion (23). Given its characteristics, the capsaicin-induced model 
may not, however, entirely mimic the human condition and the 
spectrum of possible interventions; thus the pyridine-induced 
pharyngitis model, which has recently been shown to be a 
simple and versatile novel animal model for screening drugs 
against non-infectious pharyngitis in rats, was selected (24).

Materials and methods

Study protocol. This study was conducted in agreement 
with the policy and procedures of approved protocols and in 

accordance with the recommendations for the proper care and 
use of laboratory animals as detailed in the Guide for the Care 
and Handling of Laboratory Animals (National Institutes of 
Health Publication, no. 86-23, 1985). The present study was 
approved by the Local Ethics Committee of Niigata Prefecture, 
Japan (permit number HY254/2014).

Animal care. Seventy‑five male Wistar rats (Charles River 
Laboratories, Yokohama, Japan), weighing 280-490 g, were 
used throughout the experiments. The animals were allowed 
to adapt to the laboratory environment for one week before 
beginning the experiment. The rats were housed in independent 
ventilated cages with free access to tap water; they received 
pathogen-free food and were maintained in a room under 
standard conditions of feeding and temperature (26±1˚C) with 
a 12-h light/dark cycle.

The animals were anaesthetised with urethane (2 g/kg, 
intraperitoneally; Nippon Shinyaku Co., Ltd., Kyoto, Japan) 
and placed in the supine position. Spontaneous respiration 
was maintained via a tracheal cannula following intraperito-
neal treatment with atropine sulphate (0.2 mg/kg; ShenYuan 
ChemPharm Co., Ltd., Xiaogan, China).

Model of non‑infectious pharyngitis and study design. 
Experimental non-infectious pharyngitis was induced by 
applying a pyridine solution to the surface of the pharyngeal 
mucosa which, previously, had been washed twice with 0.5 ml 
saline. Briefly, the tongue was slightly pulled out and the 
pharynx area was opened deep into the oral cavity with a small 
rib spreader, and 50 µl 3% pyridine solution was carefully 
applied with a sterile cotton swab for 5 sec at each time-point, 
three times. For the control group (15 rats in total), a vehicle 
(saline) was applied.

Following acclimation the animals were allocated into 
three groups of 30 animals each for groups A and B and 
15 for group C and treated as follows: Group A, the pharyn-
gitis group was treated with a topical application of simple 
saline; group B, a second pharyngitis group, was treated with 
15 mg VBC-1814/7J divided into two daily doses for three 
days preceding the exposure to the non-infectious pharyngitis 
model and three days afterwards; group C, the healthy control 
group, was administered saline to the pharynx as a sham insult.

Evans blue (EB) dye extravasation. EB dye present in the 
tissue was extracted using 1 ml formamide (Nippon Shinyaku 
Co., Ltd.). The absorbance of the sample was recorded using 
a standard plate reader (Synergy™ HT; BioTek, Winooski, 
VT, USA) at excitation and emission wavelengths of 620 and 
680 nm, respectively. These values were quantified using the 
standard curve for EB dye where the maximum and minimum 
detectable concentrations were determined by a Tukey's 
multiple comparisons test and are indicated by a significant 
difference in the spectroscopic readings between each incre-
mental increase in concentration (25). Values are expressed in 
µg/mg tissue.

Macro‑/microscopic assessment. For a quantitative evaluation 
of the pyridine-induced plasma exudation in the rat pharyn-
geal mucosa, the extravasation of EB dye into the pharyngeal 
tissue was assessed. EB dye (30 mg/kg, intravenous) was 
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injected into the femoral vein 10 min prior to the application of 
pyridine, and then one hour, one day and three days after pyri-
dine/vehicle application, when 10 animals in each group were 
sacrificed by deep isoflurane anaesthesia. The head portion 
was perfused with 180 ml citric acid buffer (5% paraformal-
dehyde in 0.05 M sodium citrate solution adjusted to pH 3.5 
with 0.05 M citric acid solution) at a rate of 15 ml/min to flush 
out the intravascular EB dye. Both masseter muscles were 
subsequently incised and the lower jaw was removed to cut the 
pharynx block out. Macro- and microscopic examination was 
then carried out, the latter in a blinded fashion, by an expe-
rienced pathologist using an optical image analyser (DP72; 
Olympus Corporation, Tokyo, Japan). The main parameters 
checked (oedema, glandular hypertrophy, glandular ruptures 
and haemorrhage spots, and inflammatory infiltrate) were 
graded as follows: Slight (+), mild to mild/moderate (++), 
severe (+++) and very severe (++++).

Tissue levels of tumour necrosis factor (TNF)‑α and inter‑
leukin (IL)‑6. A total of 50 mg frozen pharyngeal tissue was 
gridded in 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid 
(HEPES) buffer [20 mM HEPES (pH 7.6), 1.5 mM EDTA, 
0.5 mM benzamidine and enzyme inhibitors]. Following 
centrifugation (36,288 rpm, 4˚C, 20 min), the supernatant 
was diluted and the TNF-α and IL‑6 levels were quantified 
according to the manufacturer's instructions using specific 
ELISA kits (R&D Systems, Minneapolis, MN, USA). The 
absorption was read at 450 nm by a Macrotiter plate reader 
(Thermo Fisher Scientific Inc., Waltham, MA, USA). Values 
are expressed in pg/ml and normalised to total protein. ELISA 
procedures were run at room temperature (20‑23˚C) and assays 
were performed in triplicate.

Defensin gene expression: Reverse transcription‑quantitative 
polymerase chain reaction (RT‑qPCR) analysis. Under sterile 
conditions, tissue samples were cut with scissors, rapidly 
frozen in liquid nitrogen and stored at ‑80˚C until mRNA 
extraction. The frozen tissue was then finely minced in 1 ml 
TRIzol® reagent (Invitrogen Life Technologies, Carlsbad, 
CA, USA) using a Polytron® homogeniser (Jiangsu Makwell 
Machinery Co., Ltd., Huaian, China). RNA was subsequently 
isolated using the TRIzol Plus RNA purification system 
(Invitrogen Life Technologies) and eluted in 50 µl sterile 
water, and 3 µg total RNA was reverse transcribed using 
hexamer oligonucleotides in a 20-µl reaction volume (Verso 
cDNA synthesis kit; Thermo Fisher Scientific Inc.). Following 
dilution to 60 µl with sterile water, 2.5 µl cDNA served as a 
template in the RT-qPCR. qPCR analysis was carried out with 
a Smart Cycler® real-time PCR device with fast SYBR® Green 
Master Mix (Applied Biosystems; Life Technologies, Foster 
City, CA, USA). To amplify the defensins tested, 200 ng cDNA 
was used as a template in a 25-µl reaction mixture containing 
SYBR green RT2-qPCR Master Mix (SABiosciences, Qiagen, 
Valencia, CA, USA) and a primer mixture. For gene detec-
tion, the thermocycling protocol was as follows: 95˚C for 
15 min for polymerase activation, followed by 45 cycles of 
denaturation at 95˚C for 30 sec, annealing at 60˚C for 30 sec 
and extension at 72˚C for 30 sec. SYBR green dye fluores-
cence was determined at 521 nm during the annealing phase. 
The specificity of the PCR products was assessed by melting 

curve analysis, and amplification products were resolved on 
a 1.5% agarose gel to validate the correct sizes of the ampli-
cons. Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) 
was amplified as a control using 50 ng cDNA as the template. 
The relative amount of mRNA in each sample was calculated 
based on its threshold cycle (CT) value in comparison with the 
CT values of GAPDH.

To detect the levels of α-defensins 1, 3, 4 and 5 and 
β-defensins 1, 2, 3 and 4 the following primers were used: 
α-defensin 1 sense, 5'-AGA GCT GCC TGC TCA TCC TAA 
TC-3', antisense, 5'-TCA TGC TCG TCT TGT TCT CTG TG-3'; 
α-defensin 3 sense, 5'-TCC TCC TCT CTG CCC TCGT-3', 
antisense, 5'-GAC CCT TTC TGC AGG TCC C-3'; α-defensin 4 
sense, 5'-ACT TGI CCT CCT CTC TGC CCT-3', antisense, 
5'-TCG TAT TCC ACA AGT CCC ACG-3'; β-defensin 1 sense, 
5'-TCC TCT CTG CAC TCT GGA CC-3', antisense, 5'-ATC 
GCT CGT CCT TTA TGT CC-3'; β-defensin 2 sense, 5'-CCT 
TTC TAC CAG CCA TGA GG-3', antisense, 5'-GCA ACA GGG 
GTT CTT CTC TG-3'; β-defensin 3 sense, 5'-CTC CAC CTG 
CAG CTT TTA GC-3', antisense, 5'-GCT AGGG AGC ACTT 
GTT TGC-3'; β-defensin 4 sense, 5'-CTC CAC TTG CAG CCT 
TTA CC-3', antisense 5'-CAT GGA GGA GCA AAT CTG G-3' 
(MultiSciences Biotech Co., Ltd., Hangzhou, China). The 
results are expressed as changes in gene expression, calcu-
lated using the following formula: (CTtarget gene - CTreference gene 

of treated rats)/(CTtarget gene - CTreference gene of untreated rats). CT values are 
expressed in arbitrary units.

Statistical analysis. Statistical analyses were performed using 
the software package Statistical Analysis Software (SAS) 
(version 9.3; SAS Institute Inc., Cary, NC, USA). The results 
are presented as the mean ± standard error of the mean for 
each group. Analysis of variance was performed followed by 
Bonferroni's test. P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

EB dye extravasation and macro‑ and microscopic observa‑
tion of the pharynx. Unlike the normal control animals (treated 
with saline), which exhibited a normal macro- and microscopic 
structure of the pharynx, the gross inspection of the pharynx 
in group A (treated with 2.5% pyridine) showed a moderate 
bluish colour owing to a significant extravasation phenomenon 
coupled with inflammatory signs. By contrast, the healthy 
control rats exhibited a dull blue colour as a sign of negligible 
or no extravasation of EB dye (data not shown). As expected, 
pyridine application caused a marked inflammatory oedema 
and extravasation of EB dye through the pharyngeal mucosa, 
resulting in an EB tissue concentration that was significantly 
higher than that in the healthy control group (Fig. 1; P<0.001). 
The histopathological examination revealed the already 
described changes consisting of submucosal gland hyper-
trophy, scattered glandular ruptures with haemorrhagic spots, 
an abundance of mononuclear cells and infiltration of neutro-
phils (Table I; P<0.001 vs. group C). The group treated with 
VBC-1814/7J showed a less intense blue colour permeation of 
the mucosa and lower EB and associated EB dye extravasa-
tion (Fig. 1; P<0.05 vs. group A). This was further confirmed 
by the blinded duplicate histological examination revealing a 
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significant decrease in the main parameters (Table I; P<0.05 
vs. group A).

TNF‑α and IL‑6 concentration in pharyngeal tissue. Tissue 
levels of TNF-α and IL-6 in the untreated pharyngitis 
group (group A) increased rapidly to 3.6- and 1.6-fold that 
of baseline values, respectively, one hour after pyridine 
application (Figs. 2 and 3; P<0.001). Such an increase was 
maintained at the one-day time-point but partly declined at 
the three-day time-point for TNF-α. By contrast, the IL-6 
concentration reached a peak at the one-day time-point and 
remained plateaued two days later (Fig. 3). In both cases 
the cytokine levels were significantly higher throughout 
the three days of observation as compared with baseline 

values and those in the healthy control group (group C). The 
VBC-1814/7J-treated group (group B) exhibited a decrease 
in both parameters, which was substantial at day one of 
observation and was maintained throughout the study period 
(P<0.05 vs. group A).

Assessment of defensin mRNA levels in pharyngeal tissue. 
With the exception of β-defensins 1, 2 and 4 and α-defensins 4 
and 5, the remaining three defensin mRNA levels out of the 
eight tested showed a significant increase one hour after induc-
tion of pharyngitis as compared with pre-infection values 
(data not shown; P<0.01 vs. baseline level and group C). At 
the one- and three-day time-points, levels of β-defensins 1 
and 2 mRNA also significantly increased (Fig. 4; P<0.001 vs. 

Figure 2. Tumour necrosis factor-α concentration in the pharyngeal tissue of a 
non-infectious pharyngitis model: Effect of VBC-1814/7J. Values are expressed 
as the mean ± standard error of the mean. The mean values of the groups were 
compared with one-way analysis of variance followed by Bonferroni's test. 
*P<0.001 vs. group C; **P<0.05 vs. group A. Grey bar, untreated pharyngitis group 
(group A); white bar, phytocompound-treated pharyngitis group (group B); 
dotted bar, healthy control treated with sham pharyngeal damage (saline).

Figure 1. Evans Blue dye extravasation in a pharyngitis model: Effect of 
VBC-1814/7J. The data are expressed as the mean ± standard error of the 
mean. The mean values of the groups were compared with one-way analysis 
of variance followed by Bonferroni's test. *P<0.001 vs. group C; **P<0.05 
vs. group A. Grey bar, untreated pharyngitis group (group A); white bar, 
phytocompound-treated pharyngitis group (group B); dotted bar, healthy 
control treated with sham pharyngeal damage (saline).

Table I. Microscopic observation of the pharynx: Effect of VBC-1814/7J treatment.

   Gland Gland ruptures/ Inflammatory
Group Time‑point Oedema hyperthrophy haemorrhage infiltrate

A 0 - - - -
 1 h ++++a +++a ++ a +++ a

 1 day +++a +++a +++ a ++++ a

 3 days ++ +a ++ a +++ a

B 0 - - - -
 1 h ++b ++b ++ ++b

 1 day ++b ++b +b ++b

 3 days +/-b +a +/-b +b

C 0 - - - -
 1 h - +/- - -
 1 day - - - -
 3 days - - - -

Evaluation was carried out in a blinded fashion in duplicate by an experienced pathologist supported by a computerised image analyser 
system. aP<0.001 vs. group C; bP<0.05 vs. group B. Group A, pharyngitis with saline treatment; group B, pharyngitis with VBC-1814/7J 
treatment; group C, control group; +, slight; ++, mild to mild/moderate; +++, severe; ++++, very severe; +/-, slightly positive.
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baseline and group C). Rats treated with VBC-1814/7J showed 
a significant increase in all defensins with the exception of 
β-defensins 1 and 4 as early as the one-hour time-point (data 
not shown; P<0.05 vs. group B). Levels of β-defensins 1 and 
4 mRNA increased significantly at the third day of observa-
tion (Fig. 4; P<0.05 vs. group B).

Discussion

The physicochemical causes of sore throat have not been 
fully elucidated, given the complex environmental factors and 
unidentified overall specific receptors, although a number of 
putative mechanisms have been indicated. While neurogenic 
inflammation may be held responsible for the upper airway 
reaction to particulate matter and other environmental irri-
tants through the likely interaction with transient receptor 

potential channels located on immune and nonimmune cells 
in the respiratory tract, in numerous other cases a detailed 
pathophysiology cannot be determined. Whatever the fine 
mechanisms involved, however, inflammatory infiltration 
phenomena with increased blood flow and vascular perme-
ability, along with the accumulation of fluid (extravasation), 
represent common features. This is due to the fact that 
recruited monocytes/macrophages are highly sensitive to 
bacterial and non-bacterial stimuli and function as a principal 
source of proinflammatory cytokines (22). These are groups 
of polypeptides that play a pivotal role in orchestrating the 
inflammatory response, further increasing the cellular 
infiltration and cellular activation (26,27), but also inducing 
defensins in respiratory tract epithelial cells (28).

In the present study it was noteworthy that a significant 
improvement of microscopic structure and reduced EB 

Figure 3. Interleukin‑6 concentration in inflamed pharyngeal tissue in a non‑infectious pharyngitis model: Effect of VBC‑1814/7J. The data are expressed 
as the mean ± standard error of the mean. The mean values of all the groups were compared to one-way analysis of variance followed by Bonferroni's test. 
*P<0.001 vs. group C; **P<0.05 vs. group A. Grey bar, untreated pharyngitis group (group A); white bar, phytocompound-treated pharyngitis group (group B); 
dotted bar, healthy control treated with sham pharyngeal damage (saline).

Figure 4. Assessment of defensin mRNA levels in pharyngeal tissue at the three-day observation point. (A) α-defensins; (B) β-defensins. Values are expressed 
as changes in gene expression, calculated using the following formula: (CTtarget gene- CTreference gene of treated rats)/(CTtarget gene-CTreference gene of untreated rats) (with CT values in 
arbitrary units). *P<0.001 vs. group C; **P<0.05 vs. group A. Grey bar, untreated pharyngitis group (group A); white bar, phytocompound-treated pharyngitis 
group (group B); dotted bar, healthy control treated with sham pharyngeal damage (saline).

  A

  B
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extravasation was observed, even at the one-hour evaluation 
point, in rats administered VBC-1814/7J. These data were 
in agreement with a significantly enhanced cytokine profile 
at the one-day observation point following the use of this 
poly-phytocompound, although no effect was seen immediately 
subsequent to the establishment of the pharyngitis model. In 
particular, this model showed a consistently higher IL-6 level 
throughout the study without the spontaneous decreasing 
slope pattern that occurred with TNF-α whereas VBC-1814/7J 
promoted a trend towards a constantly decreasing slope.

As expected, the pharyngitis model used in the present 
study triggered a significant positive defensin response but it 
was of interest to record that this was only partial. The defensin 
family of polypeptides, comprising α-, β- and θ-defensins, 
has a specific molecular framework characterised by cysteine 
residues paired in disulphide bridges, and they possess 
relevant antibacterial and antiviral activity (19,20). Of note, 
with the exception of two α-defensins and one β-defensin, the 
immediate defensin response to the application of pyridine was 
not particularly marked; in such a setting VBC-1814/7J proved 
to beneficially modulate the overall defensin response. This is 
of interest when considering a recent study showing that the 
exposure of airway epithelial cells to T-helper-2-type cyto-
kines, such as in allergic rhinitis, may result in a significant 
decrease in the capacity of defensins to exert antimicrobial 
activity (29).

In conclusion, although these data come from an experimental 
non-infectious pharyngitis model, it appears that VBC-1814/7J 
is safe and has the potential to be applied in clinical practice, 
given the inappropriate use of antibiotics (30) and the largely 
growing life-style situations causing sore throat (31-34).
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